One of the factors determining nutritional proper ties is the presence of non-nutritional components mainly phytic acid and polyphenolic compounds (Bravo et al., 1994) . The balance of soluble salts and vitamins plays a fundamental role that affects the nutritional properties of the cocoa husk. To evaluate the suitability of cocoa husk as a source of food for humans, we have examined the com po sition of its dietary fibre. Although some plant foods, especially soybeans, are potentially rich sources of iron in the diet, this iron is poorly ab sorbed due to the high fibre content. Another factor commonly suspected to depress the avail ability of iron in cereal grains and legumes is phytate (Frölich, 1984; Plat and Clydesdale, 1984 ; Makkar et al., 1997). The aim of the present work was to determine quantitatively the mineral ele ments, vitamins, flavonoids, sugars, and non-nutritional compounds that are included in cocoa husk.
Materials and Methods

Cocoa husk samples
Twelve samples of unroasted cocoa husk of the main varieties of cocoa beans ( Theobroma cacao L.) cultivated in Cameroon, Guinea, Ivory Coast, Nigeria, Brazil, Colombia, and Ecuador were studied (Table I ). The samples were obtained from processed cocoa husks. The process included a first 0939-5075/98/0900-0785 $ 06.00 © 1998 Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com. D Cameroon and Guinea 12 Brazil extraction of cocoa butter from well winnowed co coa nib (cotyledon) by expeller pressing followed by a second solvent extraction in order to remove the residual fat. Commercial-grade hexane was used in the solvent extraction. All samples came from lots destined for sale on the market, and had been collected in 1995 and 1996. The samples were stored in the dark at room temperature and ana lysed as soon as they arrived to the laboratory. A ll samples were ground to pass a 0.3-mm screen.
Physicochem ical analyses
Moisture
Water content was determined using 5 g of co coa husk in a conventional kiln at 103-105 °C for 3 -4 h, until a constant weight was reached (A O AC, 1995).
Ash
Ash percentage was measured by calcination, overnight at 5 0 0°-5 5 0 °C in a furnace, to constant mass (AOAC, 1995).
Mineral elem ents
To determine mineral elements, 5 g of cocoa husk was reduced to ashes at 500° -5 5 0 °C and dis solved in 2 ml acid 2 n H N 0 3, made up to 50 ml with distilled water at 40 °C, and analyzed using inductively coupled argon plasma-optical emission spectrometer (ICP-OES) (Miller-Ihli, 1996). The ICP-OES used for the study was a sequential mul tielem ent analyzer (Varian M odel Liberty 220). The samples were diluted to provide concentration in the proper emission range. The repeatability relative to standard deviation ranged from 1.1 to 5.3%, and the reproducibility relative to standard deviation ranged from 2 to 5%. 
Inositol phosphates
Cocoa butter
Five grams was extracted with petroleum ether (40° -6 0 °C) for 6 h using a Soxhlet apparatus with previous acid hydrolysis (AOAC, 1995). Fat was determined as the difference in weight o f dried samples before and after extraction.
Sugars
For analysis, 5 g of cocoa husk finely ground was extracted for 30 min with 40 ml of 80% ethanol (Smith et al., 1986) . The extract was filtered, and the filtrate was made up to 50 ml with ethanol. A 5 ml aliquot of this solution was passed through a Waters Sep-Pak C18 column activated with acetonitrile and water, the first 2 ml of the eluate were discarded, and the remainder of the eluate was used for determination of soluble sugars. 
Starch
The starch content was determined enzymati cally by a Boehringer test kit method (Boehringer Mannheim GmbH, Mannheim, Germany). About 0.5 g of fat free cocoa husk was weighed. The starch was solubilized using 20 ml of dimethyl sul foxide and 5 ml of 37% hydrochloric acid, incu bated at 60 °C for 30 min. The pH was adjusted to between 4 and 5 in a 100 ml volumetric flask, made to volum e with double-distilled water. We used 0.1 ml of the solution to carry out the analy sis. 
Results and Discussion
The moisture content was in the range 3.6 to 7.8 g/100 g, mean 6.72 ± 1.2 g/100 g. The moisture content was lower than the critical moisture content (8 g/100 g) for mould growth in cocoa (Schwan et al., 1995) , depending of the relative equilibrium moisture contents in different envi ronments and lenghts of time of sun drying. The variation of ash and mineral elements contents could be a result of factors such as soil pH, soil nutrients, and/or level of fertilizer applied. With regard to human nutritional aspects, cocoa husk has a significant mineral content. Table II shows ash, mineral elements, sugars, polyphenolic com pounds, and phytic acid. The total amount of min eral elem ents was high (x=10.7±0.88 g/100 g) this is 1.7 times higher than the mineral elements content in all bran cereals (6 g/100 g) (Schweizer et  al., 1984) . The ash content of the cocoa bean varies between 2 and 3.8 g/100 g (Olaofe et al., 1987) . The mean content of all mineral elements presents at much higher levels than the other cocoa products. The difference was significant (P ^ 0.05). All sam ples were good sources of potassium, magnesium, calcium, phosphorus, copper and zinc. These re sults therefore suggest that cocoa husk can provide appreciable amounts of these minerals in cocoa (Table II) . A series of samples of different foods containing 0.008 to 10.7 g/100 g phytic acid were analysed (Lehrfeld, 1994) . According to these results we conclude that the percentage of phytic acid is not substantial. In contrast to K, Na is present in low average in co coa husk (x= 90.3 mg/100 g) (Table II) Table  II shows the soluble polyphenols (x= 0.69 ±0.15 g/ 100 g), tannins (x= 0.17±0.11 g/100 g), and non tannins (x= 0.51 ± 0.24 g/100 g). Polyphenols were also quantified by spectrophotometry and chroma tography. N o significant differences (P < 0.05 were found between the two results. A s a result of its low content, cocoa husk is less astringent than co coa bean. Am ong the compounds of the phenolic fraction, caffeic acid and gentisic acid (2,5-dihydroxybenzoic acid) were identified as the most im portant in the cocoa husk (x= 0.69±0.15 g/100 g). Since the lipid content is low (< 3 g/100 g) (Table II) Table II) . The analysis of variance of the chemical constituents values between samples and origen of samples showed no significantly differences (P<0.05).
